A Gram-staining-negative, aerobic, motile, oxidase-and catalase-positive, rod-shaped strain, designated ZS2-30 The genus Marinobacter in the class Gammaproteobacteria was originally proposed by Gauthier et al. (1992) for a Gram-negative, extremely halotolerant, hydrocarbondegrading, rod-shaped bacterium isolated from Mediterranean seawater near a petroleum refinery. At the time of writing, the genus comprised 29 species (Gauthier et al.,
The genus Marinobacter in the class Gammaproteobacteria was originally proposed by Gauthier et al. (1992) for a Gram-negative, extremely halotolerant, hydrocarbondegrading, rod-shaped bacterium isolated from Mediterranean seawater near a petroleum refinery. At the time of writing, the genus comprised 29 species (Gauthier et al., 1992; Huu et al., 1999; Gorshkova et al., 2003; Martín et al., 2003; Shieh et al., 2003; Yoon et al., 2003 Yoon et al., , 2004 Yoon et al., , 2007 Márquez & Ventosa, 2005; Romanenko et al., 2005; Shivaji et al., 2005; Green et al., 2006; Kim et al., 2006; Liebgott et al., 2006; Antunes et al., 2007; Guo et al., 2007; Roh et al., 2008; Zhang et al., 2008; Montes et al., 2008; Huo et al., 2008; Xu et al., 2008; Wang et al., 2009; Aguilera et al., 2009; Handley et al., 2009; Kharroub et al., 2011; Kaeppel et al., 2012; Qu et al., 2011) and most (23 species) have been isolated from marine or related environments. During investigation of the diversity of culturable bacteria associated with Antarctic intertidal sandy sediments, a Marinobacter-like strain, designated ZS2-30 T , was isolated (Yu et al., 2010) . In this study, strain T was subjected to a taxonomic characterization using a polyphasic approach and on the basis of these data we propose that this strain represents a novel species of the genus Marinobacter.
Antarctic intertidal sandy sediment samples were collected from the coastal area off the Chinese Antarctic Zhongshan Station on the Larsemann Hills (Princess Elizabeth Land, East Antarctica; 69 u 2291899 S, 76 u 2292799 E) during the 23rd Chinese National Antarctic Research Expedition in March 3These authors contributed equally to this paper.
2007
. Details of sediment sampling and isolation of bacterial strains from the samples via the dilution-plating technique have been described previously (Yu et al., 2010 T (kept in-house) were used as reference strains and routinely cultivated in TYS broth or on TYS agar at 15 u C.
Cellular morphology and flagella arrangement were observed by using a transmission electron microscope (JEM-100CX II) with cells grown in TYS broth at 15 u C for 5 days and negatively stained with a 1.0 % phosphotungstic acid solution. Growth at 4, 10, 15, 20, 25, 30, 35, 37 and 40 u C was determined in TYS broth. Growth at different pH (4.0-11.0, at 0.5 unit intervals) was measured at 15 u C in TYS broth where the pH was buffered by the addition of 50 mM MES, MOPS, Tris or CHES. The NaCl concentration range [0-30 % (w/v) in 0.5 % increments] for growth was determined at 15 uC in a medium containing 0.5 % (w/v) tryptone, 0.1 % (w/v) yeast extract and distilled water supplemented with appropriate amounts of NaCl.
The Gram reaction was determined by the Hucker staining method (Murray et al., 1994) and by the KOH lysis method (Buck, 1982) . Oxidase activity was examined using commercial oxidase test strips (Merck). Catalase activity was detected by bubble production in a 3 % (v/v) hydrogen peroxide solution. DNA hydrolysis was tested on DNase test agar (Oxoid) prepared with artificial seawater. Hydrolysis of starch (1 %, w/v) and Tweens 20, 40, 60 and 80 (1 %, v/v) were tested on TYS agar at 15 uC based on the methods described previously (Smibert & Krieg, 1994) . Hydrolysis of tyrosine (0.5 %, w/v) was determined on TYS agar at 15 u C according to the method described by Cowan & Steel (1965) . The ability to utilize various carbon compounds (1 %, w/v) as sole carbon and energy sources was determined in a minimal medium containing 0.054 % NH 4 Cl, 3 % NaCl, 0.3 % MgCl 2 . 6H 2 O, 0.2 % K 2 SO 4 , 0.02 % K 2 HPO 4 , 0.001 % CaCl 2 , 0.0006 % FeCl 3 . 6H 2 O, 0.0005 % Na 2 MoO 4 . 7H 2 O, 0.0004 % CuCl 2 . 2H 2 O, 0.6 % Tris and distilled water as described in Shieh et al. (2004) . Enzymic activities and other physiological and biochemical traits were determined using API ZYM, API 20E and API 20NE strips (bioMérieux) according to the manufacturer's instructions, except that cells for inoculation were suspended in artificial seawater. Some tests in API strips, such as nitrate reduction, H 2 S formation, aesculin hydrolysis and citrate utilization (Simmons), were also re-examined by using conventional methods (Smibert & Krieg, 1994) .
Cells of strain ZS2-30
T were Gram-staining-negative rods and motile with a single polar flagellum (Fig. 1) . Phenotypic characteristics such as salt, temperature and pH ranges for growth, hydrolysis of Tweens 20, 60 and 80, reduction of nitrate to nitrite, brown pigment production on TYS agar containing tyrosine, the ability to utilize different carbon substrates and the DNA G+C content that allowed differentiation of strain ZS2-30
T from closely related species of the genus Marinobacter are shown in Table 1 .
Genomic DNA was extracted following the method of Marmur (1961) . The 16S rRNA genes were amplified by PCR using primers 27F and 1492R (Lane, 1991) , and sequenced using an automated DNA sequencer (3730; Applied Biosystems). The 16S rRNA gene sequence was aligned with reference sequences from the GenBank database using MEGA software version 4.0 (Tamura et al., 2007) . Pairwise 16S rRNA gene sequence similarities were calculated through the EzTaxon server version 2.1 (www. eztaxon.org, Chun et al., 2007) . Phylogenetic trees were constructed using the neighbour-joining method (Saitou & Nei, 1987) with the Kimura two-parameter distance correction model (Kimura, 1980) in MEGA 4.0 software. The resultant tree topologies were evaluated by bootstrap analyses (1000 replications) (Felsenstein, 1985) .
Genomic DNA G+C content was determined by the thermal denaturation temperature (T m ) method (Marmur & Doty, 1962 using a gas chromatograph (6850; Agilent Technologies) with the MIDI Sherlock Microbial Identification System (version 6.0B; TSBA6 library). For the analyses of cellular fatty acids, all the above strains were grown in TYS broth at 15 uC for 5 days.
Polar lipids were extracted according to the methods described by Komagata & Suzuki (1987) and analysed using the two-dimensional TLC method (Kieselgel 60 F 254 plates, 10610 cm; Merck) (Collins & Jones, 1980) . Lipid spots were characterized by spraying with appropriate reagents including ethanolic molybdophosphoric acid (total lipids), ninhydrin (aminolipids), Zinzadze reagent (phospholipids) and anisaldehyde/sulfuric acid (glycolipids).
A near-complete 16S rRNA gene sequence of strain ZS2-30 T (1501 bp) was obtained. 16S rRNA gene sequence similarity searches in the GenBank and EzTaxon databases indicated that strain ZS2-30 T was affiliated with the genus Marinobacter in the class Gammaproteobacteria. Strain ZS2-30 T exhibited the highest 16S rRNA gene sequence similarities to the type strains of M. maritimus (98.3 %), M. psychrophilus (98.2 %) and M. goseongensis (97.4 %), and 94.1-96.7 % sequence similarity to those of other recognized species of the genus Marinobacter. In the neighbour-joining tree (Fig. 2) T were 43.6 %, 29.6 % and 23.5 %, respectively. All the values were less than the threshold value of 70 % recommended for discriminating species, suggesting that the Antarctic strain represents a separate species within the genus Marinobacter (Wayne et al., 1987; Stackebrandt & Goebel, 1994) .
The DNA G+C content of strain ZS2-30 T was 55.8 mol%, which was within the range reported for the genus Marinobacter (52.7-63.5 mol%). The predominant fatty acids (.5 %) were summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c) (34.3 %), C 16 : 0 (15.9 %), C 18 : 1 v9c (14.8 %), C 16 : 1 v9c (10.1 %), C 12 : 0 3-OH (7.5 %) and C 12 : 0 (5.2 %), a profile resembling those of M. maritimus JCM 12521 T and M. psychrophilus 20041 T , the two closest relatives ( Table 2 ). The major lipids of strain ZS2-30 T included phosphatidylethanolamine (PE), phosphatidylglycerol (PG), diphosphatidylglycerol (DPG) and an unidentified aminophospholipid (Fig. S1 , available in IJSEM Online), showing a pattern similar to those reported for the type strains of some recognized species of the genus Marinobacter (Spröer et al., 1998; Gorshkova et al., 2003; Wang et al., 2009 ).
In conclusion, results from phylogenetic analysis based on 16S rRNA gene sequences, DNA-DNA hybridization experiments, phenotypic characterization, and the analysis of fatty acid and polar lipid profiles indicated that strain ZS2-30 T should be assigned to the genus Marinobacter as the type strain of a novel species, for which the name Marinobacter antarcticus sp. nov. is proposed.
Description of Marinobacter antarcticus sp. nov.
Marinobacter antarcticus (ant.arc9ti.cus. N.L. masc. adj. antarcticus from the opposite of the North, of the Antarctic).
Cells are Gram-staining-negative rods (1.5-2.3 mm long and 0.5-0.8 mm wide), motile by means of a single polar flagellum, and oxidase-and catalase-positive. Colonies on TYS agar are cream, circular (1.5-2.0 mm in diameter) and convex with smooth surfaces after incubation for 5 days at 15 u C. Reduces nitrate to nitrite but does not produce H 2 S from cysteine or thiosulfate. Produces a brown diffusible pigment on TYS agar containing 0.5 % (w/v) tyrosine. Grows at 4-35 u C (optimum, 25 u C), in 0-25 % (w/v) NaCl (optimum, 3.024.0 %) and at pH 5.0-10.5 (optimum,
Marinobacter flavimaris SW-145 T (AY517632)

Marinobacter adhaerens HP15 T (AY241552)
Marinobacter algicola DG893 T (ABCP01000031)
Marinobacter salsuginis SD-14B T (EF028328)
Marinobacter sediminum R65 T (AJ609270)
Marinobacter goseongensis En6 T (EF660754)
Marinobacter lipolyticus SM19 T (AY147906)
Marinobacter guineae M3B T (AM503093)
Marinobacter maritimus CK47 T (AJ704395)
Marinobacter antarcticus strain ZS2-30 T (FJ196022)
Marinobacter psychrophilus 20041 T (DQ060402)
Marinobacter salicampi ISL-40 T (EF486354)
Marinobacter gudaonensis SL014B61A T (DQ414419)
Marinobacter daqiaonensis YCSA40 T (FJ984869)
Marinobacter bryozoorum 50-11 T (AJ609271)
Marinobacter segnicrescens SS011B1-4 T (EF157832)
Marinobacter lacisalsi FP2.5 T (EU047505)
' Marinobacter zhanjiangensis' JSM 078120 (FJ425903)
Marinobacter lutaoensis JCM 11179 T (AF288157)
Marinobacter hydrocarbonoclasticus MBIC1303 T (AB019148)
Marinobacter oulmenensis Set74 T (FJ897726)
Marinobacter pelagius HS225 T (DQ458821)
Marinobacter szutsaonensis NTU-104 T (EU164778)
Marinobacter koreensis DD-M3 T (DQ325514)
Marinobacter santoriniensis NKSG1 T (EU496088)
Marinobacter mobilis CN46 T (EU293412)
Marinobacter zhejiangensis CN74 T (EU293413)
Marinobacter daepoensis SW-156 T (AY517633)
Marinobacter litoralis SW-45 T (AF479689)
Marinobacter vinifirmus FB1 T (DQ235263)
Marinobacter excellens In API 20NE tests, cells are positive for reduction of nitrate to nitrite and arginine dihydrolase, but negative for indole production; acid production from glucose; urease; aesculin hydrolysis; gelatinase; b-galactosidase; and for assimilation of D-glucose, arabinose, mannose, mannitol, N-acetylglucosamine, maltose, gluconate, caprate, adipate, malate, citrate and phenylacetate. In API 20E tests, cells are positive for arginine dihydrolase and the Voges-Proskauer test, but negative for b-galactosidase, lysine decarboxylase, ornithine decarboxylase, utilization of citrate, H 2 S production, urease, tryptophan deaminase, indole production, gelatinase and acid production from glucose, mannitol, inositol, sorbitol, rhamnose, sucrose, melibiose, amygdalin and arabinose. With the API ZYM strips, activities of alkaline and acid phosphatases, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase and N-acetyl-b-glucosaminidase are detected, but activities of lipase (C14), cystine arylamidase, trypsin, a-chymotrypsin, naphthol-AS-BIphosphohydrolase, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, a-mannosidase and a-fucosidase are not detected. The predominant fatty acids are summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c), C 16 : 0 , C 18 : 1 v9c, C 16 : 1 v9c, C 12 : 0 3-OH and C 12 : 0 . The major polar lipids are PE, PG, DPG and an unidentified aminophospholipid.
The type strain, ZS2-30 T (5CGMCC 1.10835 T 5KCTC 23684 T ), was isolated from Antarctic intertidal sandy sediment. The DNA G+C content of T is 55.8 mol%. 
